The meiotic lampbrush chromosomes of amphibian oocytes display readily distin guishable regions of transcription (lateral loops) which extend from axial condensates of chromatin (chromomeres). The chromomeres contain most of the chromosomal DNA which, along with histone, is tightly compacted as regular arrays of DNP. Many RNA transcripts are generated on the lateral loops, and heterogeneous non histone proteins associate with these transcripts, forming periodic condensates of 20-30 nm ribonucleoprotein (RNP) particles. These unit particles aggregate in various ways and to varying degrees and thereby confer distinctive gross morphologies to particular loops. There are about 104 lateral loops per haploid complement of newt chromosomes and this figure is similar to the experimentally derived number of different messenger RNA sequences found in oocytes. From cytological and bio chemical studies it is now possible to consider individual lateral loops from various aspects: as morphologically distinct units; as units of inheritance; as units of functional activity; as units of transcription; as units of transcribed repetitive sequences; and as units containing one coding sequence. The difficulties in arriving at a simple explana tion of the organization of transcription in lampbrush chromosomes are discussed.
In studying the lampbrush chromosomes of amphibian oocytes we are particularly fortunate in being presented with a clear visual distinction between regions of transcriptional activity and regions of condensed chromatin. The lateral loops of these chromosomes are the manifes tation of synthetic activity, and consist for the most part of large numbers of nascent RNA transcripts with which specific, non-histone proteins associate to form ribonucleoprotein (RNP) complexes. The loops extend as symmetrical pairs from regions along the chromosome axis where the two sister chromatids are tightly packed in the form of synthetically inactive chromo meres. These features can be seen in figure 1. Taking into account the length of lampbrush chromosomes relative to their DNA content, it would seem that in the chromomeres the DNA fibre is foreshortened by a factor of 103, whereas cytological observations support the view that the stretches of DNA fibre which form the axis of the loops are subjected to little compaction. Therefore, from an examination of the different chromosomal components it can readily be estimated that, at least at any one time during oogenesis, only a small fraction of the genome is being transcribed. On this basis, and in agreement with molecular hybridization data (Sommerville & Malcolm 1976) , the level of transcription in oocytes of the newt Triturus is about 5 % of the genome. Nevertheless, this value is higher than that of most somatic cells and, owing to the high density of RNA polymerase binding (Miller, Beatty, Hamkalo & Thomas 1970) and the enormous size of many amphibian genomes, summates to a very high level of trans criptional activity. This activity, it is interesting to note, is distributed rather evenly throughout the genome. That is, the lateral loops are located at fairly regular intervals throughout the entire lengths of all the chromosomes. Likewise, there are no extensive regions of condensed chromatin.
The chromomeres of lampbrush chromosomes, unlike those of polytene chromosomes, are not always discrete and unitary structures, for they are frequently associated with more than one loop pair (figure 1) and they undergo various extents of fusion as oogenesis proceeds. Rather than the chromomeres, it is the loops that impart an individual and characteristic structure to lampbrush chromosomes. Therefore we can consider the phenotype of the lamp brush chromosome to be determined by its transcriptional activity.
Structural and functional features of transcriptionally ACTIVE CHROMATIN
Because transcriptional activity is restricted to the lateral loops of lampbrush chromosomes, it is important to establish the nature of loop organization in terms of the arrangement of nucleotide sequences, the structure of the RNA transcripts, and the types of protein which associate with the different primary transcripts. Such information is essential for an under standing of gene activity in oocytes. From cytological and biochemical studies we can now consider loop organization from the following viewpoints. In an attempt to answer these questions we have prepared antibodies against isolated size fractions of nuclear RNP protein, and also against the proteins associated with other classes of RNP, and have used them as immunofluorescent probes to detect their chromosomal location. The findings are that most nuclear proteins are located on nearly all loops (figure 7) and so far we have detected only one protein present in nuclear RNP which has a specific localization; in this instance this is a protein of about 35000 molecular mass which is found on several loops pairs on different chromosomes (Scott & Sommerville 1974 ). On the other hand, the two proteins that are complexed with 4 S and 5 SR NA in oocytes (see figure 6) appear to have specific chromosomal sites; the one of molecular mass 49000 on one dense-matrix loop pair on the long arm of chromosome X (figure 8), the other of molecular mass 38 500 on several long loops on various different chromo somes (e.g. figure 9 ). Whether these sites are the loci for transcription of RNA and tRNA respectively, has yet to be conclusively demonstrated by nucleic acid-chromosome hybridization.
Therefore the protein components of RNP transcripts are present at their site of formation. In all instances of a specific protein localization these proteins are present on transcripts at all points round individual loop pairs. In the sense of protein binding being an im portant stage in the processing of RNA transcripts, whole loops appear to function as single units.
(d)
The loop as a unit of transcription In many instances the RNP matrix of the loop increases in amount from one chromomeric insertion to the other (figure 10). These loops presumably represent a continuous stretch of RNA transcription. Indeed, when lampbrush chromosomes are dispersed and spread in 'pH 9 water*, many of the matrices of linear RNP fibrils that result from this procedure are of about the same average length as the loops from which they were derived (figure 13). However, in many lateral loops there is no obvious polarity in the distribution of RNP, and in certain instances there are multiple thin to thick distributions of RNP. For example, the giant loops on chromosome II of Notophthalmus viridescens consist of up to three or more long (150 pm) trans criptional units ( , that nascent 5 SR NA sequences, and probably also their spacer sequences, are transcribed round the lengths of specific loops. These loops presumably contain many tandem repeats of the 5 Ss equence. We may also refer back to the immunofluorescent labelling of presumptive 5 S and tRNA transcripts where again whole loops are reactive.
One set of transcribed sequences which are likely to be tandemly repeated, and are certainly unique in other respects, are to be found in the giant loops on chromosome II of N. viridescens. As already mentioned, these loops may consist of a series of three transcriptional units, each about 150 jim in length. Like almost all other loops, the giant loops are fragmented by the action of various restriction endonucleases (Gould, Callen & Thomas 1976 )* However, the giant loops are refractile to a nuclease extracted from Haemophilus aegyptius (Hae III) which produces breaks at the sequence 5' GGCC (figure 12). Therefore this sequence, which on a random basis is expected to occur about 10 times per micrometre of DNA, is completely absent from the DNA axis of these loops. The simplest explanation of this finding is that the axial DNA of the giant loops consists of a large number of tandem repeats which happen to lack the sequence 5' GGCC. Therefore there are probably many sequence repeats within each repeated transcriptional unit.
The giant loops of N. viridescens are also bizarre in their incorporation of RNA precursors, showing an exceptionally low level of labelling with [3H] guanosine. The estimated base com position of the RNA transcripts is adenine, 2 5 ; cytidine, 38.5 ; uridine, 27.5 and guanosine, 9 (S. E. Hartley & H. G. Callan, unpublished) . In order to obtain this pattern of incorporation there must be a marked asymmetry in the distribution of bases in the DNA duplex. It is also interesting to note that the overall rate of RNA synthesis in the giant loops, as determined by grain counts, is about half that of other loops. A possible function for the extensive transcription of RNA sequences containing very little guanosine remains unexplained.
( /) The loop as a unit containing one coding sequence
The extent of tandem gene reiteration in the generality of loops appears to be small. Kinetic studies have shown that cDNA transcribed from the total polyadenylated mRNA fraction of oocytes preferentially hybridizes with non-repetitive DNA sequences (Rosbash, Ford & Bishop 1974; Sommerville & Malcolm 1976) . Also, this same cDNA hybridizes to its mRNA templates with rate kinetics which suggest that there are about 104 different types of mRNA sequence present in oocytes (Rosbash et al. 1974; Sommerville & Malcolm 1976) . Because this number approximates to the number of cytologically observable loops, it is tempting to speculate that there is, on average, one coding sequence per loop. The possibilities of some coding sequences sharing single loops and other loops transcribing RNA which does not become adenylated may balance out. In any event, individual loops and their complete transcripts are one or two orders of magnitude longer than the length of sequence required to code for single proteins. W hat are the other sequences transcribed on loops? We have previously suggested (Sommerville & Malcolm 1976) , from a consideration of the kinetics of hybridization and the thermal stabilities of hybrid molecules, that they are in part ancestral coding sequences that have deviated and become informationally redundant.
(g) The distribution of loops with related function
It is often assumed that there is a single discrete location for each coding sequence. Control sequences may be dispersed throughout the genome but sequences coding for any one protein should be restricted to one locus, in this discussion a single loop. In the absence of a thorough genetic analysis the simplest approach to this problem is to study the chromosomal localization of identified genetic sequences using specific labelled probes. Using this technique the diversity in location of 5 £ gene families has been demonstrated in the genome of Xenopus (Pardue, Brown & Birnstiel 1973) . The example that we should like to discuss is the apparent distribution of histone genes on the lampbrush loops of Triturus cristatus carnifex.
A histone DNA fragment 6000 bases long, derived from the sea-urchin Psammechinus miliaris Secondly, histone sequences are found at several loci on different chromosomes, unlike the situation obtaining in Drosophila (Pardue 1975). The major loci are 3 or 4 on chromosome I; these loci are invariant in oocytes of a single newt, but show some variation between individual newts. In addition to these major loci, others may be present on chromosomes VI, X and XI, and these again show variation from one newt to another.
Thirdly, the loci involved in transcribing histone coding sequences may exhibit heterozy gosity. Thus one newt is heterozygous for the labelling in situ of a loop pair on chromosome X (figure 16) whereas another shows no labelling on X but is heterozygous for the labelling of a loop pair on V.
Whether this complex pattern of transcriptional activity is peculiar to histone genes and other repetitive sequences, or whether it represents a more general type of sequence organizations remains to be seen. 3
G enetic implications of transcriptional activity
The process of transcription in lampbrush chromosomes is not as straightforward as might at one time have appeared. The frequently observed complex organization of transcriptional units may imply that some loops contain more than one type of genetic sequence and that their activity is regulated in a coordinate fashion.
The distribution of the same or similar sequences at multiple loci, such as is the case with ribosomal genes in many amphibia, with 5S RNA genes in Xenopus and Notophthalmus and probably also with histone genes in Triturus, means that there may be considerable mixing of elements within the genome. Variation in the extent of transcriptional activity between indi vidual animals may be a fairly common phenomenon provided there exists a large number of sequence repeats which are likely to be distributed between different chromosomal loci. In the examples of complete absence, or heterozygosity, of the transcription of certain histone loci in Triturus, it is not known, as yet, to what extent the numbers of histone genes vary, or whether we are seeing the differential expression of possibly non-equivalent sequences. However, it has been demonstrated that there may be considerable heterozygosity in the num ber of ribosomal genes at certain nucleolar organizer loci in Notophthalmus (Hutchison & Pardue 1975) .
The formation of substantial amounts of RN P matrix on those loops engaged in the trans cription of 5 SR NA sequences, and also on putative tRNA loops, suggests that transcrip lengths include much more than one unit sequence; rather they include several tandem repeats plus their interspersed spacer sequences. Also, the transcription pattern of histone sequences, as seen by the continuity of loop matrix and the distribution of hybridized histone DNA, is interpreted to mean that transcription is continuous through histone gene cluster repeats, as well as through non-histone sequences on both sides of the histone gene region. The organiza tion of transcription of repeated genetic sequences presumably facilitates the processing and rapid accumulation of cytoplasmic RNA. The situation pertaining to non-repetitive sequences has still to be elucidated: the reason for transcribing whole loops which may contain only one or a few coding sequences is not obvious. Why so much RNA is transcribed on loops and so little apparently used in translation is a problem not confined to oocytes, yet exaggerated in those genomes of high C value. However, it is im portant to remember that oocytes are rather special cells and that some of the phenomena described may relate to processes peculiar to oogenesis rather than to eukaryotic cell activity in general.
